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ABSTRACT. - Coral reef fish communities of Uvea (Wallis and Futuna) fringing reefs, mid-lagoon reefs, inner barrier 
reefs and outer barrier reef slopes were studied along four transects using visual censuses during September 1999. A total 
of 194 fish species in 33 families were recorded. Labridae (34 species), Pomacentridae (33 species) and Chaetodontidae 
(23 species) were the main families. The composition of the species suggests that Uvea is located at a faunal junction 
between Pacific biogeographic regions. Mean density (2.5 fish/m 1 2 ) was similar to other Pacific reef fish communities 
whereas mean biomass (43 g/m 2 ) was within the lowest known values. Four fish assemblages were identified along an 
inshore-offshore gradient and related to substrate characteristics (live corals, dead corals, seagrass, algae and sand): One 
seagrass bed assemblage, two lagoon assemblages and one outer barrier reef slope assemblage. The major energy intake 
comes from lower levels of the trophic network, grazers (45.1% biomass) being the main trophic group. Other important 
trophic categories came from upper trophic levels: macro-carnivores (24.4%) and piscivores (14.5%). Micro-algae —» 
grazers -» piscivores was the most important energy path, before macro-invertebrates -» macro-carnivores —» piscivores. 
Plankton represented a minor resource (only 5% planktivores) during the study, which is unusual. Spatial variations in 
trophic networks occurred among the four fish assemblages with significant variations for grazers and macro-carnivores, 
and high variations for piscivores, planktivores and corallivores. 


RESUME. - Premieres donnees sur la structure des communautes ichtyques et les reseaux trophiques des recifs coralliens 
d’Uvea (Wallis et Futuna, Sud Pacifique). 

Les communautes de poissons des recifs frangeants et intermediaires du recif barriere interne et de la pente exteme 
d’Uvea (Wallis et Futuna) ont ete etudiees en septembre 1999 le long de 4 radiales par comptages en plongee. Un total de 
194 especes pour 33 families a ete recense. Les Labridae (34 especes), les Pomacentridae (33 especes) et les Chaetodontidae 
(23 especes) sont les families les plus diversifiees. La composition specifique semble indiquer qu’Uvea se situe a la fron- 
tiere de plusieurs regions biogeographiques du Pacifique. La densite moyenne (2,5 ind./m 2 ) est globalement comparable 
aux autres communautes de poissons recifaux dans le Pacifique. En revanche, la biomasse moyenne (43 g/m 2 ) figure 
parmi les plus faibles valeurs signalees dans la region. Quatre assemblages ont ete identifies le long d’un gradient cote- 
large. Ils ont pu etre relies aux caracteristiques du substrat (corail vivant, corail mort, phanerogames, algues et sable) : un 
assemblage caracteristique des herbiers a phanerogames, deux assemblages lagonaires et un assemblage typique de la 
pente exteme. La principale source d’energie utilisee par ces communautes provient des plus has niveaux trophiques, les 
brouteurs (45,1% de la biomasse) constituant le principal groupe trophique. Les autres principales categories trophiques 
proviennent de niveaux trophiques superieurs : les macrocamivores (24,4%) et les piscivores (14,5%). La principale voie 
de transfert d’energie est micro-algues —» brouteurs -» piscivores, devant la voie macro-invertebres —» macrocamivores 
-» piscivores. Le plancton etait une source d’energie peu utilisee (seulement 5% de planctophages) pendant cette etude, 
ce qui est inhabituel. Les reseaux trophiques des quatre assemblages presentaient une variabilite spatiale. Ces variations 
ont ete significatives pour les brouteurs et les macrocamivores, et fortes pour les piscivores, les planctophages et les 
corallivores. 
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High diversity, complex community structures and 
trophic networks characterize coral reef fish communities. 
Spatial patterns of diversity and community structures have 
been well studied (Williams, 1991). Within reef, habitat 
characteristics are known to be the main factors in structur¬ 
ing communities from the inner reef flat to the reef slope 
(Russ, 1984; Galzin, 1987; Letourneur and Chabanet, 1994; 
McGehee, 1994; Meekan et al., 1995; Newman et al., 1997; 
Sarramegna, 2000). Within a region, distance offshore and 
terrestrial runoff gradient are also significant factors that 


distinguish fringing reef, island and platform reef and bar¬ 
rier reef assemblages (Williams, 1982; Williams and 
Hatcher, 1983; McGehee, 1994; Wantiez et al., 1997; 
Grimaud and Kulbicki, 1998; Letourneur et al., 1998a). The 
status of the reef may also have a significant impact on 
exploited fish communities, protected vs. unprotected reefs 
(Roberts and Polunin, 1991, 1992; Wantiez et al., 1997; 
Sarramegna, 2000), disturbed vs. undisturbed reefs 
(Chabanet etal., 1995; Ohman et al., 1997; Jones and Syms, 
1998). 
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Modern trophic studies take into account all food types 
consumed by a species to set up trophic networks. Such 
methods minimize biases introduced by traditional classifi¬ 
cation of a species into a single trophic category corre¬ 
sponding to the main type of food consumed (Parrish et al., 
1986). These methods also avoid the creation of a heteroge¬ 
neous omnivorous category (Thollot et al., 1999). 
Consequently, trophic networks and main energy paths are 
more easily identifiable with these methods (Wantiez, 
1994a; Letourneur, 1998). They have only been used to 
describe coral reef fish trophic networks in Reunion Island 
(Letourneur, 1998), Moorea (French Polynesia) (Letourneur 
et al., 1997a) and New Caledonia (Kulbicki, 1992; Kulbicki 
et al., 1996; Letourneur et al., 1997a). Consequently, 
trophic networks and energy paths of Pacific coral reef fish 
communities are still poorly described. Such information is 
fundamental to the understanding of the functioning of 
these communities (Sale, 1991) and essential to the plan¬ 
ning of adequate management and protection policies. 

In the Pacific, most surveys of coral reef fish communi¬ 
ties have been done in the Great Barrier Reef and Hawaii 
(Sale, 1991). Several French Polynesian, Micronesian and 
New Caledonian reefs have also been well described 
(Kulbicki 1992, 1997). On the other hand, the study of 
majority of West Pacific high islands coral reefs have been 
incomplete, even though these habitats are the most com¬ 
mon in this region. Some of these communities have never 
been studied. It is known that biogeographic regions and 
differences between coral reef geomorphology are signifi¬ 
cant in structuring reef fish communities (Harmelin- Vivien, 
1989; Thresher, 1991; Kulbicki, 1992, 1997; Lieske and 
Myers, 1994; Letourneur et al., 1997a). Consequently, at 
present there is a bias for certain biogeographic regions, reef 
types and habitats in studies on reef-fish ecology (Ohman et 
al., 1997). For the Pacific region, this raises the importance 
of identifying the structure and functioning of high island 
communities, and analyzing the differences of these with 
the Great Barrier Reef and atoll reefs. 

No data has ever been published on Wallis and Futuna 
(French territories) coral reef fish communities, with the 
exception of a limited edition report regrouping only quali¬ 
tative results (Richard et al., 1992) and a study of tradi¬ 
tional fishery in Futuna (Galzin and Mauge, 1981). This 
article presents the first data on species richness, density, 
biomass, community structure and trophic functioning of 
these populations, and their relationships with substrate 
characteristics. These data, which are very important for 
Wallis and Futuna environmental authorities, also constitute 
an important contribution to the understanding of high 
island reef fish communities, and provide interesting results 
on the biogeographic distribution of coral reef species 
across the Pacific. 


MATERIALS AND METHODS 

Study site 

Uvea (Fig. 1) is the main island (75.4 km 2 ) of Wallis and 
Futuna French Territory. Futuna and Alofi are located 235 
km in the Southwest, Niua Fo’ 249 km in the Southeast, and 
Savai 352 km in the West. Uvea is located at the border of 
the Pacific Plate, close to the West-central part of the 
Australian Plate. In this region, oceanic surface currents 
headed West and South-West (Reverdin et al., 1994) even in 
an El Nino situation (Delcroix and Henin, 1989). In the light 
of these characteristics and considering reef fish larval 
phase duration and swimming capabilities. Uvea is a remote 
Pacific island where coral reef fish community is probably 
characterized by self-recruitment. A lagoon of 200 km 2 sur¬ 
rounds this volcanic island. The island and its lagoon are 
located between latitudes 13° 10' and 13°23’S, and between 
longitudes 176°06’ and 176° 17’W. More than 20 coralline 
or basaltic islets are present in the lagoon. The lagoon geo¬ 
morphology is complex with the presence of basaltic ridges, 
which separate shallow areas (< 10 m) from deep hollows 
where depth can exceed 50 m. The lagoon is limited by a 
barrier reef interrupted by three small passes on the western 
border and one larger pass in the South. An important tidal 
range (> 2 m) characterizes this lagoon and a first estima¬ 
tion indicates that one third of the lagoon waters is probably 
renewed at each tide. 

A stratified sampling design was selected to identify 
coral reef fish community structure and trophic networks in 
Uvea. This design is the most appropriate to identify com¬ 
munity structure at a local scale using multivariate methods. 
Two levels of stratification were selected and based on the 
knowledge of the general organization of reef fish commu¬ 
nities among reefs within this region (Williams, 1991). 
Spatial cover of sampling was privileged in order to get data 
on a maximum of reefs with the allocated sampling effort. 
The first level of stratification was a coast to ocean transect, 
four stations being sampled: one fringing reef, one interme¬ 
diate reef, one inner barrier reef and one outer barrier reef. 
The second level of stratification allocated each set of 4 sta¬ 
tions around the island in a systematic way. Uvea lagoon 
being divided into four sectors (Fig. 1). Because of bad 
weather conditions, no intermediate reef was sampled in 
sector 3, no outer barrier reef was sampled in sector 1 and 
the outer barrier reef station in sector 2 was located out of 
the transect line. 

Sampling methods 

Reef fish communities were studied by visual census 
using the point transect method (Buckland et al., 1993), 
between 11 and 20 September 1999. Each station was sam¬ 
pled by three point counts, the first on the reef flat, the 
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second on the reef crest and the third on the reef slope, in 
order to sample each part of the reef. In each habitat, a diver 
randomly chose a point. To limit the disturbance induced by 
his arrival, the diver waited 5 minutes at this point before 
beginning the sampling. Then, he counted all fish by spe¬ 
cies, estimated their size and the distance from the point. 
Fish species were divided into two categories (Appendix 1). 
Small or cryptic species (such as Chaetodontidae, 
Pomacentridae, small Pomacanthidae, small Labridae) were 
sampled in a 3-m radius around the point, and large species 
(all commercial species such as Carangidae, Lethrinidae, 



Figure 1. - Location of the study area and the stations sampled in 
Uvea. 


Serranidae, large Labridae, Scaridae, Acanthuridae, 
Siganidae) were sampled within a visibility radius. The vis¬ 
ibility radius is the maximum distance at which the diver 
can identify large species without confusion. Fish beyond 
10 m were not sampled. This method minimizes the biases 
induced by the low detectability of small species (Kulbicki 
and Sarramegna, 1999), and minimizes the biases induced 
by the avoidance of the diver by large species easily detect¬ 
able in a 10-m radius (Kulbicki, 1994). 

The point transect method was choosen to take into 
account the general organization of coral reef fish commu¬ 
nities within the reef (Williams, 1991) and to privilege 
spatial cover of sampling. The method is simple, fast, objec¬ 
tive, repeatable and has been found to be extremely effec¬ 
tive for counting reef fishes (Bohnsack and Bannerot, 
1986). This method is also well adapted to heterogeneous 
environments (Harmelin-Viven et al., 1985). Relatively 
shorter count durations than for linear transects increase the 
number of stations and habitats within a station that can be 
sampled in a given survey period (Jennings and Polunin, 
1996). Consequently, this method is adapted to identifica¬ 
tion and analysis of community structure. Moreover, push- 
pull effects due to the diver presence are reduced due to the 
short period of time spent in a single census area (Samoilys 
and Carlos, 1992; Jennings and Polunin, 1996). 

The substrate was sampled by the line intercept transect 
method (English et al., 1997) in the same area as the point 
transects. Thirty possible substrate categories were recorded 
along a 50 m transect which was laid on the bottom from the 
reef flat to the reef slope. This method is reliable and effi¬ 
cient for obtaining quantitative percent cover data (English 
et al ., 1997). 

Data analysis 

Fish species richness per station was estimated from the 
three points sampled at each station. At each station, density 
was calculated by: 

3 

2 D k 

D= - 

3 

where D = density at the station (fish/m 2 ), If = density of 
point transect k at the station (fish/m 2 ). Density of point 
transect k was calculated as follows: 

N, Nj 

2 n, 2 tij 

° k = ‘ =l 7 + 7=1 - 

t\R\ ji R\ 

where n i = abundance of species i at point transect k, 
N t = total number of large species counted in a If at point 
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transect k, If = visibility radius, rij = abundance of species j 
at point transect k, Nj = number of small species counted in 
a 3-m radius at point transect k, R 2 = 3 m. 

The weight of fish was calculated from length-weight 
relationships previously defined (Kulbicki et al., 1993; 
Kulbicki et al., 1994; Letourneur et al., 1998b). Biomass 
per station was calculated in a similar way to density: 

3 Nj Nj 

2 B k 2 Wj 2 Wj 

B = 1 - and B k = - 1 —^- f ^- 

^ kR] kRI 

where B = biomass at the station (g/m 2 ), B k - biomass of 
point transect k at the station (g/m 2 ), w, = weight of species 
i at point transect k (g), w ; = weight of species j at point 
transect k (g/m 2 ). 

The percentage of each substrate category at each station 
was calculated by: 

% = L ' 100 
' T 

L ‘t 

where% ; = percentage of substrate category i, L, = total 
length of category i, L, = total length of transect (50 m). 

Each species was attributed a diet having nine possible 
components: fish, macro-invertebrates (> 2mm), micro-in¬ 
vertebrates (< 2 mm), zooplankton, other plankton, macro¬ 
algae, micro-algae assemblage, coral and detritus. The 
micro-algae category was extended to micro-algae assem¬ 
blage because grazers consume micro-algae and also organ¬ 
ic detritus that accumulate within micro-algae communities. 
Consequently, grazers viewed traditionally as herbivores 
are now clearly partly detritivorous (Choat, 1991; Arias 
Gonzales et al., 1997). It was not possible to identify the 
origin of the organic matter (micro-algae and detritus) con¬ 
sumed by grazers. However this confusion was not a major 
problem in the present study because both categories come 
from the lowest trophic levels. Diets were determined using 
stomach contents data (IRD database, Noumea) and com¬ 
pleted by a bibliographical search (Kulbicki et al., 1994; 
Wantiez, 1994b; Thollot, 1996; Letourneur et al., 1997b). A 
given species may have several components in its diet and 
so is included in several trophic categories. The weight con¬ 
tribution of a species to a trophic category was considered 
according to the importance of the corresponding food item 
in the diet of the species. This procedure is more precise 
than the usual attribution of a species to a single trophic 
category (Wantiez, 1994a). Trophic networks were studied 
using biomass index, which is the best representation of 
energy flow when no productivity estimates are known 
(Wantiez, 1994a). 

Reef fish community structure was studied using vari¬ 


ous multivariate analyses. The individual was considered as 
the basic functional component in the determination of spe¬ 
cies structure (Wantiez et al., 1996). Consequently, the 
analysis was performed on densities. As the data matrix was 
characterized by numerous zeros because of the dominance 
of a small number of species, a correspondence analysis 
using a x 2 similarity coefficient was selected (Legendre and 
Legendre, 1984). All species were used in the analysis, 
since rare species can be indicators of brief environmental 
perturbations (Wantiez et al., 1996). No transformation was 
applied to the data because a higher inertia was extracted by 
the analysis when raw data was used. The results of the 
factorial analysis were completed with a cluster analysis. 
This method is recommended by Lebart et al. (1997) to 
facilitate the identification of samples and species assem¬ 
blages from the projections on the factorial charts. Two 
clusters were calculated using the Ward aggregative method 
with (1-r) Pearson distance (Lebart et al., 1997), one on the 
samples scores and one on the species scores on the corre¬ 
spondence analysis axes. Differences between the identified 
communities characteristics (species richness per station, 
density, biomass) were tested using Kruskal-Wallis test and 
multiple comparison between treatment (Siegel and 
Castellan, 1988). 

Relationships between ichthyofauna and substrate char¬ 
acteristics were quantified using multiple regression analy¬ 
sis with a stepwise procedure because of possible intercor¬ 
relations among the predictor variables (Sokal and Rohlf, 
1995). Using this method it was possible to rank the contri¬ 
butions of the different substrate categories. This procedure 
was applied to the total species richness and log-transformed 
densities and biomasses to fit a normal distribution. It was 
also applied to log-transformed densities of the characteris¬ 
tics species of each fish assemblage identified using the 
multivariate analyses. 


RESULTS 

In total, 193 fish species belonging to 33 families were 
recorded during this study (Appendix 1). Labridae (34 spe¬ 
cies), Pomacentridae (33 species) and Chaetodontidae (23 
species) were the most diversified families. Mean species 
richness per station was 46.9 ± 4.3, mean density 2.53 ± 
0.72 fish/m 2 and mean biomass was 43.0 ± 15.3 g/m 2 . 

Multiple regression analysis showed that these parame¬ 
ters were seldom correlated with substrate categories. 
Species richness per station was negatively correlated only 
with sand cover (r = -0.57, p < 0.05) and log-transformed 
density was positively correlated only with algae cover (all 
types) (r = 0.55, p < 0.05). No significant correlation 
appeared between biomass and substrate categories. 
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Community structure 

Four assemblages were identified using a correspond¬ 
ence analysis (Fig. 2): one outer slope community (OS), one 
lagoonal type 1 community (LT1), one lagoonal type 2 com¬ 
munity (LT2) and one seagrass bed community (SB). These 
assemblages were validated by a cluster analysis of samples 
scores, only LT2 assemblage was constituted by two station 
groups (Fig. 3). The cluster was calculated on the first six 
axes extracted by the correspondence analysis, which 
extracted more than 70% of the total inertia. Characteristic 
species of these four assemblages were identified using the 
projection of the species (Fig. 2), which have absolute or 
relative contributions to the first two axes of the corre¬ 
spondence analysis higher than 10%. These species catego¬ 
ries were compared with the results of a cluster of species 
scores on the first six axes extracted by the correspondence 
analysis which classified the species in 5 groups (Fig. 4) 


(see Appendix 1). Species groups 1 and 2 were characteris¬ 
tic of SB and LT2 assemblages respectively. Both species 
groups 3 and 4 were characteristic of OS assemblage. 
Characteristic species of LT1 assemblage were mainly 
found in species group 5 along with a few LT2 species, but 
also in species group 1 and 4. The cluster analysis confirms 
the general trends of the correspondence analysis and 
underlines that LT1 assemblage has intermediate character¬ 
istics between SB and OS assemblages. Comparison of 
substrate characteristics between OS, LT1 and LT2 showed 
significant differences for algae and rocky substrate 
(Kruskal-Wallis test, p < 0.05) (Fig. 5). 

The outer slope (OS) community was characterized by 
fish species associated with live corals (Appendix 1): 
Chaetodontidae, Pomacanthidae and Pomacentridae. Other 
species common to outer slopes were also characteristic of 
this assemblage (Appendix 1): Elagatis bipinnulata. 



Figure 2. - Projection on the stations 
(numbers) and the species (symbols) 
on the first two axes determined by the 
correspondence analysis. Only species 
with absolute or relative contributions 
higher than 10% on one of the two first 
axes are displayed. The names of the 
species are given in Appendix 1. 


Figure 3. - Cluster analysis of the 
samples scores (stations, ST) on the 
first six axes extracted by correspon¬ 
dence analysis (Fig. 2) using Ward 
aggregation method and (1-r) Pearson 
distance. OS: outer slope; LT1: lagoon 
type 1; LT2: lagoon type 2; SB: sea- 
grass bed. 
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Aphareus furca and Chaetodon ornatissimus. Species rich¬ 
ness per station, density and biomass of this assemblage 
were not significantly different from LT1 and LT2 (Tab. I). 
This assemblage occurred on stations characterized by a 
substrate colonized by live corals and coralline algae 
(Fig. 5). Log-transformed densities of the characteristic spe¬ 
cies of OS assemblage were negatively related to sand cover 
and positively related to dead corals with algae and live cor¬ 
als cover (Tab. II). 

The first lagoon assemblage (LT1) was characterized by 
common lagoon species and herbivorous species 
(Appendix 1): Pomacentridae, Labridae, Scaridae and 
Acanthuridae. Some of the characteristic species are com¬ 
mon to SB assemblage ( Halichoeres trimaculatus, Scarus 
sp., Acanthurus blochii and Zanclus cornutus, included in 


cluster group 1) and OS assemblage ( Chrysiptera taupou, 
Dascyllus reticulatus, Coris gaimard and Naso lituratus, 
included in cluster group 4) (Appendix 1). This assemblage 
had a significantly lower density than LT2 assemblage 
(Tab. I). This assemblage was located on stations character¬ 
ized by rocky and sandy substrates with dead corals (Fig. 5) 
but no significant relationships were identified between log- 
transformed densities of the characteristic species of LT1 
fish assemblage and substrate characteristics. 

The second lagoon assemblage (LT2) was characterized 
by planktivorous species (Appendixl): Spratelloides sp,. 
Pseudanthias spp. and Pomacentridae related to live corals 
(Chromis viridis, Pomacentrus coelestis, Pomacentrus 
pavo). Benthic carnivores are also characteristic of this 
assemblage (Mulloidichthys flavolineatus , Monotaxis gran- 



Figure 4. - Cluster analysis of the spe¬ 
cies scores on the first six axes extract¬ 
ed by correspondence analysis (Fig. 2) 
using Ward aggregation method and 
(1-r) Pearson distance. The species 
included in the analysis have absolute 
or relative contributions to one of the 
first two axes higher than 10%. The 
numbers are the species groups. The 
names of the species are given in 
Appendix 1. 



Figure 5. - Substrate characteristics of 
the 4 assemblages identified using a 
correspondence analysis (Fig. 2). 
OS: outer slope; LT1: lagoon type 1; 
LT2: lagoon type 2; SB: seagrass bed. 
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Table I. - Mean species richness (Sr per station), densities (fish/m 2 ) and biomasses (g/m 2 ) in the different fish assemblages identified in 
Uvea, using a correspondence analysis (Fig. 2). Values in parentheses are standard deviation; OS: outer slope; LT1: lagoon type 1; 
LT2: lagoon type 2; SG: seagrass bed (not included in the statistical test); Difference: Kruskal-Wallis test and multiple comparisons 
between treatment (Siegel and Castellan, 1988) between OS, LT1 and LT2; NS: not significant (p > 0.05); *: significant (0.01 < p < 



OS 

LT1 

LT2 

Difference 

SB 

Sr per station 

56.3 (2.52) 

41.3 (9.00) 

47.5 (5.47) 

NS 

38 

Density 

1.82(0.89) 

1.43 (0.23) 

3.69(1.27) 

*(LT1 < LT2) 

2.14 

Biomass 

53.6 (23.0) 

44.4 (44.9) 

42.5 (22.4) 

NS 

8.5 


Table II. - Stepwise multiple regression analyses between log (den¬ 
sity + 1) of the characteristic species of the fish assemblages identi¬ 
fied by correspondence analysis (Fig. 2) and substrate characteris¬ 
tics. r: correlation coefficient; *: significant (0.01 < p < 0.05); 
**: highly significant (p < 0.01) 



Outer slope 

Lagoon type 2 

Substrate class 

Rank 

Partial r 

Rank 

Partial r 

Live corals 

3 

0.58* 



Algae 



1 

-0.79** 

Dead corals 

2 

0.70* 

2 

-0.62* 

Other living organisms 





Sand 

1 

-0.67 * 



Rubble 





Rock 





Total r 2 


0.76** 


0.64** 


doculis, Halichoeres sp., Thalassoma spp.). Some of the 
characteristic species were common in LT1 assemblage and 
included in cluster group 5 (Monotaxis grandoculis, 
Mulloidichthys vanicolensis, Pomacentrus pavo ). This 
assemblage had the highest density (Tab. I). This commu¬ 
nity was located at stations characterized by a sandy sub¬ 
strate with rubbles and a lower percentage of algae than LT1 
(Fig. 5). Log-transformed densities of the characteristic spe¬ 
cies of LT1 fish assemblage were negatively related to algae 
and dead corals with algae covers (Tab. II). 

The seagrass bed community (SB) was characterized by 


species related to soft bottom substrate colonized by sea- 
grasses (Fig. 5) (Appendix 1): Lethrinus spp., Scolopsis 
trilineatus, Parupeneus multifasciatus , Novaculichthys 
taeniorus, Rhinecanthus aculeatus and Arothron hispidus. 
This community was characterized by the lowest species 
richness per station and biomass but a medium-high density 
(Tab. I) because of the presence of numerous juveniles. It 
was not possible to compare this assemblage with OS, LT1 
and LT2 using statistical tests because SB assemblage was 
present at only one station. No significant relationships 
were identified between log-transformed densities of char¬ 
acteristic species of OS fish assemblage and substrate char¬ 
acteristics. 

Trophic networks 

In Uvea, the major energy intake came from lower levels 
of the trophic network (micro-algae assemblage), grazers 
(45.1%) being the main trophic group (Fig. 6) with Scaridae 
(Scarus frenatus. Scams ghobban and Chlorurus sordidus) 
and Acanthuridae (Acanthurus blochii , Acanthurus lineatus, 
Acanthurus triostegus and Ctenochaetus striatus). The other 
important trophic categories, macro-carnivores (24.4%, 
Caranx ignobilis, Lutjanus fulvus, Lutjanus kasmira and 
Monotaxis grandoculis ) and piscivores (14.5%, Caranx 
ignobilis, Lutjanus kasmira ), consume energy from upper 
trophic levels (Fig. 6). Using these results, it was possible to 
build a synthetic and schematic model of the trophic net- 


1 . 2 % 



24.4% 


□ Piscivores 

□ Macro-carnivores 
HD Micro-carnivores 

■ Zooplanktivores 
H Macro-herbivores 
§ Grazers 

■ Corallivores 
0 Detritivorous 


Figure 6. - Trophic categories of the 
coral reef fish community of Uvea, 
expressed in biomass. 
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Figure 7. - Schematic representation of trophic networks of the fish community in Uvea, expressed in biomass. Boxes and arrows involv¬ 
ing fishes are in continuous lines and their size are relative to the percentage of overall biomass involved. Dotted boxes and arrows involve 
non-quantified trophic links of organisms other than fish. 


works of coral reef fish communities in Uvea (Fig. 7). This 
model presents the different energy transfer paths used by 
the ichthyofauna. The micro-algae -» grazers -* piscivores 
path was the most important energy path for reef fish com¬ 


munities in Uvea coral reefs (Fig. 7). One other important 
energy path was macro-invertebrates -» macro-carnivores 
-» piscivores. Micro-invertebrates, coral and zooplankton 
were involved in three minor energy paths: coral -► coral- 
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Figure 8. - Trophic network of the different 
coral reef fish assemblages identified by 
the correspondence analysis (Fig. 2), 
expressed in biomass. OS: outer slope; 
LT1: lagoon type 1; LT2: lagoon type 2; 
SB: seagrass bed. 
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livores -» piscivores, micro-invertebrates -» micro-carni¬ 
vores -» piscivores and zooplankton -* zooplanktivores -» 
piscivores. 

No significant correlation occurred between trophic 
groups and substrate categories (p > 0.05) but variations in 
mean characteristics of trophic networks occurred between 
the different fish assemblages identified in Uvea (Fig. 8). 
The differences between OS, LT1 and LT2 are not statisti¬ 
cally significant (Kruskal-Wallis test, p > 0.05) with the 
exception of piscivores and grazers (p < 0.05). Differences 
occurred in two major categories: grazers were more impor¬ 
tant in OS and LT1 assemblages, and piscivores were more 
important in OS and LT2 assemblages. SB trophic network 
(one station) could not be statistically compared with the 
others. However, these networks were relatively close to 
LT2 networks, with fewer piscivores and more macro-her¬ 
bivores and micro-carnivores. The two main energy paths 
remain the same for all four assemblages but two organiza¬ 
tions can be identified. Micro-algae -* grazers -» piscivores 
is the more important path for OS and LT1 assemblages, 
macro-invertebrates -» macro-carnivores -* piscivores is 
the more important path for SB assemblage, with both 
energy paths having a similar importance for LT2 assem¬ 
blage (Fig. 8). Variations exist for the other trophic catego¬ 
ries but they are not statistically significant. 

DISCUSSION 

Species richness, density and biomass 

The fish species counted during this study are common 
to healthy coral reefs (Randall et al., 1990; Lieske and 
Myers, 1994). In 1980, 330 species and 55 families were 
recorded in a qualitative study (Richard et al., 1992), which 
included coral reefs and soft bottoms of Uvea, Futuna and 
Alofi islands. Unfortunately, it was not indicated where the 
fish were counted. A total of 69% of the species counted dur¬ 
ing our study was recorded by Richard et al. (1992) and only 
one of the families (Pseudochromidae) was not recorded by 
Richard et al. (1992). Several common species, which are 
widely distributed on Pacific coral reefs, were not recorded 
in Uvea during the present study, in particular several com¬ 
mercial species: Serranidae (Epinephelus spp., Plectropomus 
leopardus ), Lehtinidae ( Gymnocranius spp., Lethrinus nebu- 
losus), Labridae ( Bodianus perditio ), Acanthuridae ( Naso 
spp.), Siganidae ( Siganus spp.), among others. This particu¬ 
larity could be explained by the limited sampling effort to 
complete this inventory but not by the sampling method. 
However, the habitats where these species are commonly 
found were well sampled. Another hypothesis could be an 
overfishing of these commercial species. These species are 
rare in the commercial catches, but a quick analysis of fisher¬ 


man landings showed that fish size of these and other com¬ 
mercial species was coherent with a sustainable fishing 
activity (Chauvet, unpubl. data). Consequently, even if these 
species are present in Uvea, they must be rare. The most 
reasonable hypothesis would be Uvea’s location in the 
Pacific Ocean. Uvea is characterized by low diversity com¬ 
pared with the Austro-Malayan maximum diversity area and 
compared with the closest islands (905 species recorded in 
Samoa, 822 species in Fidji; Kulbicki and Rivaton, 1997). 
Consequently, Uvea could be relatively isolated from the 
possible colonization paths across the Pacific (Kulbicki and 
Rivaton, 1997). Thresher (1991) indicated that continental 
margin reefs in the Pacific (including Great Barrier Reef, 
New Caledonia, Fiji), are rich in species of Serranidae, 
whereas Acanthuridae dominate consistently in Pacific 
Central oceanic reefs (including Guam, Samoa Islands, 
Tahiti). The latest observations gathered in Uvea in November 
2000 indicated that 590 fish species were identified in the 
lagoon and the outer reef slope in the 0-25 m depth zone 
(Wantiez and Williams, unpubl. data). The species composi¬ 
tion reflected a mixture of Indo-Pacific, western Pacific and 
Pacific Plate fauna. This suggests that Uvea is situated at a 
faunal junction between the western Pacific and the Pacific 
Plate biogeographic regions, as described by Springer 
(1982), which is consistent with its geographic location. 

Species richness per station, density and biomass of 
Uvea coral reef fish communities are within the range of the 
values reported in New Caledonia using visual censuses 
(Kulbicki et al., 1996; Kulbicki, 1997; Grimaud and 
Kulbicki, 1998), the Chesterfield Islands (Kulbicki et al., 
1990), Great Barrier Reef (Williams and Hatcher, 1983), 
and French Polynesia (Galzin, 1987). However, density and 
biomass in Uvea are among the lowest values. Therefore, 
Uvea coral reef fish communities have global characteris¬ 
tics consistent with other populations in the Pacific region 
but they are among the poorest ones. Different visual census 
techniques may give different estimations but the order of 
magnitude of thee estimations should remain the same 
(Kulbicki and Sarramegna, 1999) 

Community structure and relationships with substrate 
characteristics 

Uvea fish communities were structured along a coast to 
outer slope gradient, with one coastal seagrass bed commu¬ 
nity, two lagoons communities and one outer slope com¬ 
munity. Such distance offshore organization is classical for 
coral reef fish communities of the Great Barrier Reef, 
Polynesian atolls and several Pacific high islands (Williams 
and Hatcher, 1983; Galzin, 1987; Wantiez et al., 1997). In 
Australia, mid-shelf reefs supported higher diversity, den¬ 
sity and biomass than inshore and outer reefs, along a 200 
km coast to ocean transect across the Great Barrier Reef 
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(Wiliams, 1982; William and Hatcher, 1983). Such a pattern 
was not observed on a smaller spatial scale in Uvea lagoon, 
with the exception of a higher density for one lagoonal 
assemblage (LT2). 

Terrestrial runoff, which enriches coastal waters, and 
oceanic influences (high energy and oligotrophic waters) 
have been identified as major structuring factors (Letourneur 
et al., 1998a). These opposed influences are closely related 
to substrate characteristics (Letourneur and Chabanet, 1994; 
McGehee, 1994). In the present study, live corals, algae, 
dead corals with algae, rocks or sand were significant struc¬ 
turing factors. Fish communities are strongly influenced by 
habitat structure and complexity (Friedlander and Parrish, 
1998; Ohman and Rajasuriya, 1998), with density and bio¬ 
mass being higher in complex habitats (Friedlander and 
Parrish, 1998). This pattern cannot be totally applied to the 
Uvea lagoon. LT2 assemblage characterized by a sandy 
substrate with rubbles had the highest density because of 
planktivore schools. Only biomass was higher, but not sta¬ 
tistically different from the other groups, in the most com¬ 
plex habitat (OS) where live and dead corals with algae and 
coralline algae represented more than 90% of substrate 
cover. Relationships between fish communities and live 
coral cover have been widely studied, but fewer studies 
have examined the relationships between fish communities 
and other habitat variables (Johns and Syms, 1998). 
Contrasting patterns were found, ranging from numerous 
significant correlations to no relationship (Johns and Syms, 
1998). The intensity of the relationships between fish com¬ 
munities and their habitats depends on the diversity of the 
habitats studied (Jenning et al., 1996), which could partly 
explain these differences. Live coral cover is usually posi¬ 
tively correlated with diversity and abundance of fish (Johns 
and Syms, 1998), such a pattern was observed for the char¬ 
acteristic species of the OS assemblage. Algae cover was 
among the significant factors, being positively correlated 
with herbivores (Hart et al., 1996). Similar positive correla¬ 
tion occurred for the overall fish density in the present 
study. 

Consequently, Uvea coral reef fish communities appear 
typical of these communities elsewhere in the world. The 
specificity of this island is probably its location at the bor¬ 
der of different biogeographic regions. These characteristics 
are the result of several biological processes such as larvae 
availability, habitat selection at settlement, differential sur¬ 
vivorship after settlement, food and shelter availability, 
regional current patterns, reef size, lagoon morphology and 
location (Williams and Hatcher, 1984; Grimaud and 
Kulbicki, 1998; Letourneur et al., 1998a; Ohman and 
Rajasuriya, 1998). 


Trophic networks 

The trophic networks of Uvea coral reef fish populations 
display common characteristics and one particularity com¬ 
pared to similar communities sampled using visual census. 
The major energy paths involve the lower levels of trophic 
networks, grazers (mainly Scaridae and Acanthuridae) rep¬ 
resenting 45.1% of the biomass. The two other important 
energy sources come from higher trophic levels, macro-in¬ 
vertebrates (macro-carnivores = 24.4%, mainly Caran- 
gidae, Lutjanidae and Lethrinidae) and fish (piscivores = 
14.5%, mainly Carangidae and Lutjanidae). Such organiza¬ 
tion was observed in the SW lagoon of New Caledonia and 
Ouvea atoll (New Caledonia), where grazers represented 
30-37% of the biomass, macro-carnivores 22-31% and pis¬ 
civores 10-18% (Kulbicki, 1997). Piscivores (11%) and 
grazers (23%) were less important in the Chesterfield 
Islands where they were substituted by macro-herbivores 
(25%) (Kulbicki, 1997). The importance of grazers in Uvea 
can be explained by the importance of hard substrate (rocks, 
dead corals and consolidated coralline substrate) represent¬ 
ing more than 50% of substrate cover. This substrate is eas¬ 
ily colonized by turf and filamentous algae, which are the 
main primary producers on reefs (Polunin, 1996). Macro¬ 
carnivores and piscivores classes are generally linked 
because numerous species (i.e., Caranx ignohilis, Lutjamis 
fulvus and L. kasmira ) contribute to the two categories. 
Macro-carnivores are opportunistic species consuming 
macro-invertebrates and fish and strictly piscivorous spe¬ 
cies are rare (Wantiez, 1994a), none of them were observed 
during this study. 

The particularity of Uvea trophic networks comes from 
the limited presence of zooplanktivores (5% of the biomass, 
range 1-13%), mainly Caesionidae ( Caesio caeruleata) and 
Pomacentridae ( Chromis viridis, Pomacentrus coelestis, 
P. pavo). This pattern is unusual for coral reef fish commu¬ 
nities. Similar results have only been reported in Tuamotu 
atolls (French Polynesia) using visual census, where plank- 
tivores represented 7 to 15% of the biomass (Kulbicki, 
unpubl. data). Planktivores are more important in the SW 
lagoon of New Caledonia (9-33%; Kulbicki, 1992), the 
Chesterfield Islands (12-31%; Kulbicki, 1992) and Reunion 
Island (22-55%; Letourneur, 1998) where visual census 
methods were used. They are also more important in the 
Great Barrier Reef (43-71%; Williams and Hatcher, 1983) 
where sampling was done using explosives. It appears that 
the limited presence of zooplanktivores in Uvea cannot not 
be linked to a lack of plankton, the biomass of plankton 
being 0.74 g AFDW/100 m 3 in the lagoon during this survey 
(Wantiez, unpubl. data). The tide can have a significant 
effect on plankton availability for lagoon fish. The renewal 
of approximately one third of lagoon waters at each tide 
should export a significant part of plankton production to 
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ocean waters. Another hypothesis involves a regional pat¬ 
tern for planktivores with a decrease from West to East 
Pacific Coral reefs as suggested by Kulbicki (1997). The 
present results support the two latter hypotheses. However, 
observations gathered in November 2000 indicated that 
planktivores constitute a dynamic trophic level in Uvea 
because their importance may vary greatly from one year to 
another (Wantiez, unpubl. data) 

Within secondary trophic groups, micro-carnivores 
(4.7% of biomass) have a similar importance in New 
Caledonia (4-8%), Ouvea atoll (3%), the Chesterfield 
Islands (4%) and Reunion Island (2.5-5%) (Kulbicki, 1997; 
Letourneur, 1998). On the other hand, corallivores seem to 
be more important in Uvea (4.2%) where Chaetodontidae 
were abundant. This pattern occurred despite a lower coral 
cover (mean 13%, max 44%) in Uvea. It could be attributed 
to the species composition of the corallivore group, espe¬ 
cially Chaetodontidae. All of these species are not obligate 
coral feeders. However, obligate coral feeders are among 
the main species in Uvea, with Chaetodon trifascialis being 
the second Chaetodontidae in biomass. 

The trophic networks of the four fish assemblages iden¬ 
tified in Uvea lagoon present significant differences for 
grazers and macro-carnivores, and high variations for pisci- 
vores, planktivores and corallivores. Grazers were more 
important on the outer slope and in one lagoon assemblage 
(LT1), where macro-invertebrates were less important. 
Spatial organization of trophic networks has been reported 
at different scales, along coast to barrier reef and N-S gradi¬ 
ents in the SW lagoon of New Caledonia (Kulbicki, 1992, 
1997), and from inshore to outer shelf reefs on the Great 
Barrier Reef (Williams and Hatcher, 1983). These organiza¬ 
tions displayed similar patterns for grazers in both regions 
and similar trends for invertebrate feeders in the Great 
Barrier Reef. Two spatial organizations were observed in 
Reunion Island, which correspond to a shift between grazers 
and zooplanktivores (Letourneur, 1998). A similar trend was 
observed between LT1 and LT2 assemblages. Other studies 
report spatial organization of specific trophic categories, 
consistent with the results of the present study. Rates of 
grazing are probably higher on the outer reef habitat of the 
Great Barrier Reef, where Acanthuridae and Scaridae are 
the dominant grazer families (Russ, 1984). 

Spatial variations of major trophic groups have been 
linked to reef type and substrate characteristics, in relation 
with the availability of the food types consumed (Chabanet 
and Faure, 1994; Chabanet et al., 1997; Friedlander and 
Parrish, 1998; Ohman and Rajasuriya, 1998). In Uvea, the 
different fish assemblages occurred at stations with different 
substrate characteristics, and significant correlations were 
calculated between the abundance of characteristic species 
and substrate classes. Grazers were characteristic of OS and 


LT1 assemblages where dead corals with algae and live cor¬ 
als were major substrate classes. Corallivores and live cor¬ 
als characterized OS assemblages. Planktivores were more 
important in LT2 assemblage, which occurred on the more 
abiotic substrate. No interpretable trend can be observed for 
piscivores and invertebrate feeders. Other studies were con¬ 
sistent with the Uvea results. Herbivores have been posi¬ 
tively related to live corals (Chabanet et al., 1997; Ohman 
and Rajasuriya, 1998) and corallivores to live corals 
(Ohman and Rajasuriya, 1998). Planktivores have been 
negatively related to coral cover (Friedlander and Parrish, 
1998). 

Further investigation including an exhaustive inventory 
of fish species, an extended spatial sampling cover and a 
recruitment study, has been scheduled and should bring 
confirmation of, and precisions on the coral reef fish func¬ 
tioning of this isolated island. 
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Appendix 1. - Checklist of the species recorded in Uvea. 


C: species category according to sampling method; A: assemblage of which the species are characteristic according to the correspondence 
analysis (Fig. 2); G: species group according to the cluster analysis (see Fig. 4); S: small; L: large; *: species sampled by Richard et al. 
(1982); SB: seagrass bed; LT1: lagoon type 1; LT2: lagoon type 2; OS: outer slope; 1-5: cluster groups. 


Species 

Author 

C 

A- G 

Dasyatidae 




Dasyatis kuhlii* 

(Muller & Henle, 1841) 

L 


Taeniura melanospila 

(Bleeker, 1853) 

L 

SB - 1 

Muraenidae 




Gymnothorax meleagris 

(Shaw & Nodder, 1795) 

S 


Clupeidae 




Clupeidae sp. cf. Herklotsichthys 


S 


Spratelloides sp.* 


S 

LT2 - 2 

Flolocentridae 




Myripristis sp.* 


S 

OS - 3 

Neoniphon sp.* 


s 


Sargocentron sp.* 


s 

OS - 3 

Serranidae 




Pseudanthias cooperi 

(Regan,1902) 

s 

LT2 - 2 

Pseudanthias sp.* 


s 


Pseudanthias hypselosoma 

(Bleeker, 1878) 

s 

LT2-2 

Cephalopholis argus* 

Bloch & Schneider, 1801 

L 

OS - 3 

Cephalopholis urodeta* 

(Forster, 1801) 

L 

OS -4 

Epinephelus merra* 

Bloch, 1793 

L 


Plectropomus laevis* 

(Lacepede, 1802) 

L 


Variola louti* 

(Lorsskal, 1775) 

L 

LT2 - 2 

Pseudochromidae 




Pseudochromis paccagnellae 

Axelrod, 1973 

S 


Apogonidae 




Apogon spp.* 


S 

SB - 1 

Cheilodipterus macrodon 

(Lacepede, 1802) 

S 


Cheilodipterus quinquelineatus* 

Cuvier, 1828 

s 


Echeneidae 




Echeneis naucrates* 

(Forsskal, 1775) 

L 


Carangidae 




Caranx ignobilis* 

(Forsskal, 1775) 

L 

SB - 1 

Elagatis bipinnulata 

(Quoy & Gaimard, 1824) 

L 

OS - 3 

Trachinotus bailloni 

(Lacepede, 1802) 

L 

LT2 - 2 

Lutjanidae 




Aphareus furca* 

(Lacepede, 1802) 

L 

OS - 3 

Aprion virescens* 

Valenciennes, 1830 

L 

OS -4 

Lutjanus bohar* 

(Lorsskal, 1775) 

L 


Lutjanus biguttatus 

(Valenciennes, 1830) 

L 


Lutjanus fulviflamma* 

(Lorsskal, 1775) 

L 


Lutjanus fulvus* 

(Lorster, 1801) 

L 


Lutjanus kasmira* 

(Lorsskal, 1775) 

L 
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Species 

Author 

C 

A- G 

Caesionidae 

Caesio caerulaurea 

Lacepede, 1802 

L 


Pterocaesio trilineata 

Carpenter, 1987 

L 


Haemulidae 

Plectorhinchus sp.* 


L 


Lethrinidae 

Gnathodentex aurolineatus* 

(Lacepede, 1803) 

L 

OS - 3 

Lethrinus harak* 

(Forsskal, 1775) 

L 

SB - 1 

Lethrinus atkinsoni 

(Seale, 1909) 

L 

SB - 1 

Lethrinus xanthochilus * 

Klunzinger, 1870 

L 


Monotaxis grandocculis* 

(Forsskal, 1775) 

L 

LT2 - 5 

Nemipteridae 

Scolopsis trilineatus* 

Kner, 1868 

L 

SB - 1 

Mullidae 

Mulloides flavolineatus* 

(Lacepede, 1801) 

L 


Mulloides vanicolensis* 

(Valenciennes, 1831) 

L 

LT2 - 5 

Parupeneus barberinus* 

(Lacepede, 1801) 

L 


Parupeneus bifasciatus* 

(Lacepede, 1801) 

L 

OS - 3 

Parupeneus cyclostomus* 

(Lacepede, 1801) 

L 


Parupeneus multifasciatus* 

(Quoy & Gaimard, 1824) 

L 

SB - 1 

Kyphosidae 

Kyphosus vaigiensis* 

(Quoy & Gaimard, 1825) 

L 


Chaetodontidae 

Chaetodon auriga* 

Forsskal, 1775 

S 


Chaetodon bennetti* 

Cuvier, 1831 

S 

OS - 3 

Chaetodon citrinellus* 

Cuvier, 1831 

S 

LT1 - 5 

Chaetodon ephippium* 

Cuvier, 1831 

S 


Chaetodon flavirostris 

Gunther, 1774 

S 


Chaetodon lineolatus* 

Cuvier, 1831 

S 


Chaetodon lunula* 

(Lacepede, 1802) 

S 

OS-5 

Chaetodon lunulatus* 

Mungo Park, 1897 

S 


Chaetodon melannotus* 

Bloch & Schneider, 1801 

S 

OS -4 

Chaetodon mertensii* 

Cuvier, 1831 

S 


Chaetodon ornatissimus* 

Cuvier, 1831 

S 

OS - 3 

Chaetodon pelewensis* 

Kner, 1867 

S 

OS - 3 

Chaetodon rafflesi 

Bennett, 1830 

S 


Chaetodon reticulatus* 

Cuvier, 1831 

S 


Chaetodon semeion 

Bleeker, 1855 

S 

OS - 3 

Chaetodon trifascialis 

(Quoy & Gaimard, 1824) 

S 

OS - 3 

Chaetodon ulietensis* 

Cuvier, 1831 

S 


Chaetodon unimaculatus* 

Bloch, 1787 

S 


Chaetodon vagabundus* 

Linnaeus, 1758 

S 


Forcipiger sp.* 

Forcipiger longirostris* 

Broussonet, 1782 

S 

S 

OS -4 

Heniochus singularis* 

Smith & Radcliffe, 1911 

S 


Heniochus varius* 

Cuvier, 1829 

S 


Pomacanthidae 

Centropyge bicolor* 

(Bloch, 1787) 

S 


Centropyge bispinosus* 

(Gunther, 1860) 

s 

OS - 3 

Centropyge flavissimus* 

(Cuvier, 1831) 

s 

OS -4 

Pomacanthus imperator* 

(Bloch, 1787) 

L 

OS -4 

Pygoplites diacanthus* 

(Boddaert, 1772) 

L 
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Species 

Pomacentridae 

Abudefduf sexfasciatus * 
Amblyglyphidodon curacao 
Amblyglyphidodon leucogaster 
Amphiprion akindynos 
Amphiprion clarkii 
Chromis atripectoralis 
Chromis iomalas 
Chromis vanderbilti 
Chromis viridis* 

Chromis xanthura 
Chrysiptera biocellata 
Chrysiptera leucopoma* 
Chrysiptera rollandi 
Chrysiptera taupou 
Dascyllus aruanus* 

Dascyllus reticulatus* 
Dascyllus trimaculatus * 
Neoglyphidodon melas 
Neoglyphidodon nigroris 
Neoglyphidodon polyacanthus 
Plectroglyphidodon dickii* 
Plectroglyphidodon lacrymatus 
Pomacentrus amboinensis 
Pomacentrus bankanensis 
Pomacentrus coelestis 
Pomacentrus lepidogenis 
Pomacentrus nigromanus 
Pomacentrus pavo* 
Pomacentrus philippinus 
Pomacentrus spp.* 
Pomacentrus vaiuli* 

Stegastes lividus* 

Stegastes nigricans * 

Cirrhitidae 

Paracirrhites arcatus* 
Paracirrhites forsteri* 

Labridae 

Labridae sp.2 
Labridae spp.* 

Anampses sp.* 

Anampses caeruleopunctatus* 
Anampses neoguinaicus 
Bodianus mesothorax 
Bodianus sp.l 
Cheilinus chlorourus* 
Cheilinus fasciatus 
Cheilinus trilobatus* 

Coris aygula* 

Coris gaimard* 

Epibulus insidiator* 
Gomphosus varius* 
Halichoeres hortulanus* 

Halichoeres margaritaceus* 
Halichoeres marginatus* 


Author 

C 

A- G 

(Lacepede, 1801) 

s 


(Bloch, 1787) 

s 


(Bleeker, 1847) 

s 


Allen, 1972 

s 


(Bennett, 1830) 

s 


Welander & Schultz, 1951 

s 


Jordan & Seale, 1906 

s 


(Fowler, 1941) 

s 

OS -4 

(Cuvier, 1830) 

s 

LT2 - 2 

(Bleeker, 1854) 

s 

OS -4 

(Quoy & Gaimard, 1825) 

s 

LT1 - 5 

(Lesson, 1830) 

s 

SB - 1 

(Whitley, 1961) 

s 


(Jordan & Seale, 1906 

s 

LT1 -4 

(Linnaeus, 1758) 

s 


(Richardson, 1846) 

s 

LT1 -4 

(Ruppell, 1828) 

s 

OS - 3 

(Cuvier, 1830) 

s 


(Cuvier, 1830) 

s 


(Ogilby, 1889) 

s 


(Lienard, 1839) 

s 

OS - 3 

(Quoy & Gaimard, 1825) 

s 


Bleeker, 1868 

s 


Bleeker, 1853 

s 

OS -4 

Jordan & Starks, 1901 

s 

LT2 - 2 

Fowler & Bean, 1828 

s 


Weber, 1913 

s 

OS - 3 

(Bloch, 1787) 

s 

LT2 - 5 

Evermann & Seale, 1907 

s 

s 

OS - 3 

Jordan & Seale, 1906 

s 


(Forster, 1801) 

s 


(Lacepede, 1803) 

s 


(Cuvier, 1829) 

s 


(Schneider, 1801) 

s 

LT2 - 2 


s 

s 

LT2 - 2 


s 

OS -4 

Ruppell, 1928 

s 


Bleeker, 1878 

s 


(Schneider, 1801) 

L 

L 


(Bloch, 1791) 

L 

SB - 1 

(Bloch, 1791) 

L 


(Lacepede, 1801) 

L 

SB - 1 

Lacepede, 1801 

L 


(Quoy & Gaimard. 1824) 

L 

LT1 -4 

(Pallas, 1770) 

L 


Lacepede, 1801 

s 

OS - 3 

(Lacepede, 1801) 

s 

OS -4 

(Valenciennes, 1839) 

s 


Ruppell, 1835 

s 
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Species Author 

C 

A- G 


Labridae (following) 




Halichoeres sp.* 


S 

LT2 - 2 

Halichoeres trimaculatus* 

(Quoy & Gaimard, 1834) 

S 

LT1 - 1 

Hemigymnus melapterus* 

(Bloch, 1791) 

L 


Hologymnosus sp. 


L 


Labroides dimidiatus* 

(Valenciennes, 1839) 

S 


Novaculichthys taeniourus* 

(Lacepede, 1802) 

L 

SB 1 

Oxycheilinus unifasciatus* 

Streets, 1877 

L 

OS -4 

Stethojulis sp. 


S 

SB - 1 

Stethojulis bandanensis* 

(Bleeker, 1851) 

S 

OS - 3 

Stethojulis strigiventer 

(Bennett, 1832) 

s 

LT1 -5 

Thalassoma amblycephalum 

(Bleeker, 1856) 

s 


Thalassoma hardwickii* 

(Bennett, 1830) 

s 


Thalassoma lunare* 

(Linnaeus, 1758) 

s 

LT2 - 2 

Thalassoma lutescens* 

(Lay & Bennett, 1839) 

s 

OS - 3 

Thalassoma purpureum* 

(Gunther, 1880) 

s 

OS - 3 

Thalassoma quinquevittatum 

(Lay & Bennett, 1839) 

s 

LT2 - 2 

Thalassoma trilobatum* 

(Lacepede, 1801) 

s 


Scaridae 




Chlorurus sordidus* 

(Forsskal, 1775) 

L 


Hipposcarus longiceps 

(Valenciennes, 1840) 

L 


Scarus dimidiatus 

Bleeker, 1859 

L 


Scarus frenatus* 

Lacepede, 1802 

L 

LT1 -5 

Scarus ghobban* 

(Forsskal, 1775) 

L 


Scarus globiceps* 

Valenciennes, 1839 

L 


Scarus niger* 

(Forsskal, 1775) 

L 


Scarus oviceps* 

Valenciennes, 1840 

L 

LT1 -5 

Scarus rivulatus 

Valenciennes, 1840 

L 

LT1 -5 

Scarus rubrioviolaceus * 

Bleeker, 1847 

L 


Scarus schlegeli 

(Bleeker, 1861) 

L 


Scarus sp.* 


L 

LT1 - 1 

Pinguipedidae 




Parapercis clathrata 

Ogilby, 1910 

S 

OS -4 

Parapercis hexophtalma * 

(Cuvier, 1829) 

S 


Parapercis xanthozona 

(Bleeker, 1849) 

S 


Blennidae 




Blenniidae spp.* 


S 


Meicanthus atrodorsalis* 

(Gunther, 1877) 

S 


Gobiidae 




Gobiidae spp.* 


S 


Nemateleotris magnifica* 

Fowler, 1938 

S 

OS -4 

Valenciennea sp.* 


S 

SB - 1 

Valenciennea strigata 

(Broussonet, 1782) 

S 


Microdesmidae 




Ptereleotris evides* 

(Jordan & Hubbs, 1925) 

S 


Ptereleotris heteroptera 

(Bleeker, 1855) 

S 

LT2 - 2 

Ptereleotris microlepis 

(Bleeker, 1856) 

S 


Acanthuridae 




Acanthurus blochii* 

Valenciennes, 1835 

L 

LT1 - 1 

Acanthurus lineatus* 

(Linnaeus, 1758) 

L 


Acanthurus nigricans* 

(Linnaeus, 1758) 

L 

OS - 3 

Acanthurus nigrofiiscus* 

(Forsskal, 1755) 

L 


Acanthurus olivaceus* 

Forster, 1801 

L 

LT2 - 2 
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Species 

Author 

C 

A- G 

Acanthuridae (following) 




Acanthurus pyroferus * 

Kittlitz, 1834 

L 

LT2 - 2 

Acanthurus triostegus * 

(Linnaeus, 1758) 

L 


Ctenochaetus striatus* 

(Quoy & Gaimard, 1825) 

L 

LT1 - 5 

Naso annulatus* 

(Quoy & Gaimard, 1824) 

L 


Naso lituratus* 

(Forster, 1801) 

L 

LT1 -4 

Zebrasoma scopas* 

(Cuvier, 1829) 

L 


Zebrasoma veliferum* 

(Bloch, 1797) 

L 


Siganidae 




Siganus sp. inus* 

(Linnaeus, 1758) 

L 


Zanclidae 




Zanclus cornutus* 

(Linnaeus, 1758) 

L 

LT1 - 1 

Balistidae 




Balistapus undulatus* 

(Mungo Park, 1797) 

L 


Balistoides viridescens* 

(Bloch & Schneider, 1801) 

L 

LT1 - 5 

Melichthys vidua * 

(Solander, 1844) 

L 

OS -4 

Rhinecanthus aculeatus * 

(Linneaus, 1758) 

L 

SB - 1 

Sufflamen bursa * 

(Bloch & Schneider, 1801) 

L 

OS -4 

Sufflamen chrysopterus* 

(Bloch & Schneider, 1801) 

L 

LT2 - 2 

Sufflamen fraenatus 

(Latreille, 1804) 

L 


Monacan thidae 




Oxymonacanthus longirostris* 

(Bloch & Schneider, 1801) 

S 


Ostraciidae 




Ostracion cubicus* 

Linnaeus, 1758 

L 


Ostracion meleagris* 

Shaw, 1796 

L 


Tetraodontidae 




Arothron hispidus 

(Linnaeus, 1758) 

L 

SB - 1 

Canthigaster bennetti 

(Bleeker, 1853) 

S 

SB - 1 
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